There are several classes of ATP-dependent chromatin remodeling complexes, which modulate the structure of chromatin to regulate a variety of cellular processes. The budding yeast, Saccharomyces cerevisiae, encodes two ATPases of the ISWI class, Isw1p and Isw2p. Previously Isw1p was shown to copurify with three other proteins. Here we identify these associated proteins and show that Isw1p forms two separable complexes in vivo (designated Isw1a and Isw1b). Biochemical assays revealed that while both have equivalent nucleosomestimulated ATPase activities, Isw1a and Isw1b differ in their abilities to bind to DNA and nucleosomal substrates, which possibly accounts for differences in specific activities in nucleosomal spacing and sliding. In vivo, the two Isw1 complexes have overlapping functions in transcriptional regulation of some genes yet distinct functions at others. In addition, these complexes show different contributions to cell growth at elevated temperatures.
As eukaryotes have evolved larger and more complex genomes, they have required the coevolution of enzymatic and structural mechanisms to physically organize large amounts of genetic material. For example, nearly every human cell packages approximately 2 m of DNA into a nucleus with a diameter 5 to 6 orders of magnitude smaller. This extraordinary level of compaction must, however, be flexible and organized for such processes as replication, repair, mitotic and meiotic chromosome segregation, and transcription to occur throughout the genome. The nucleosome, the primary unit of this chromatin organization, was described over 30 years ago (34) . However, the higher-order structure of chromatin and its regulation are still largely undefined (32, 51) .
Two groups of factors remodel chromatin to regulate a variety of cellular processes. One such group, the histone-modifying enzymes, covalently modifies histone proteins. In contrast, the ATP-dependent nucleosome-remodeling factors utilize the energy of ATP hydrolysis to reposition or alter the structure of nucleosomes along a DNA template. The first, and best characterized, of this group is the SWI/SNF complex from Saccharomyces cerevisiae, a large (ϳ2 MDa) complex consisting of at least 10 subunits, including the ATPase Swi2/Snf2p. Homologs of the SWI/SNF complex have been found in nearly all eukaryotes studied, with several members often present in the same organism (16, 20, 40, 45) . Three other classes of ATP-dependent chromatin remodeling complexes have also been identified and are classified by the sequences of their Swi2/Snf2p-like ATPase subunits: the imitation-switch (ISWI) class, the chromodomain helicase DNA-binding (CHD)/Mi-2 class, and the most recently identified INO80 class. Like members of the SWI/SNF class, ISWI, CHD/Mi-2, and INO80 homologs have also been found in a wide variety of eukaryotes from yeasts to humans, suggesting that each class has important cellular functions that may have been evolutionarily conserved (for a review, see reference 18).
The founding member of the ISWI class, Drosophila Iswi, was originally identified by sequence homology to brahma, a SWI2/SNF2 homolog (16) . It was subsequently found that this ISWI ATPase is shared among three complexes, NURF, CHRAC, and ACF, each with different enzymatic activities (for reviews, see references 7 and 50). How the activities of these complexes are utilized in vivo is not clear, yet ISWI is required for cell viability, showing that it performs critical functions. Polytene staining of ISWI and RNA polymerase II reveals mutually exclusive localization of these proteins in general, consistent with a role for ISWI in transcriptional repression. The structure of the male X chromosome is also grossly aberrant in Iswi mutant cells, suggesting that one or more ISWI-containing complexes play a role in establishment and/or maintenance of higher-order chromatin structures (14) .
Both the ACF and CHRAC complexes are composed of ISWI and ACF1, a protein with several sequence motifs commonly found in transcription factors and chromatin-associated proteins. It contains two PHD fingers, a bromodomain, a WAC (WSTF, ACF1, cbp146) motif, and a WACZ (WSTF, ACF1, cbp146, ZK783.4) motif (30) . In addition, the CHRAC complex contains two novel histone-fold proteins, CHRAC-14 and CHRAC-16 (10, 15) . The largest subunit of the NURF complex, NURF301, has a remarkably similar arrangement of these same domains, and it also contains an N-terminal HMGA domain, which is necessary for biochemical activity of NURF (52) . Proteins bearing similar motifs to those of ACF1 are associated with ISWI homologs in human and Xenopus cells as well as one of the S. cerevisiae ISWI homologs, Isw2p (4, 19, 25, 37, 41, 47) . The high degree of evolutionary conservation of ISWI complex components suggests important roles for these subunits in ISWI-mediated activity. The Drosophila ISWI monomer possesses many of the activities associated with ISWI-containing complexes, although its specific activity is significantly lower than that of the full complexes (11, 30) . In addition, the ISWI monomer alone does not show the directed sliding observed with intact NURF complex (52) , again suggesting that the ISWI-associated proteins are required for modulating the function of the ISWI ATPase.
Another level of complexity is introduced when one considers that like Drosophila, all of the organisms studied appear to have several ISWI-containing complexes which must share and/or compete for a common ISWI ATPase. One of the human ISWI homologs, hSNF2h, is found in four separable complexes (RSF, NoRC, hACF/WCRF/hCHRAC, and WICH [4, 6, 37, 38, 41, 47] ), while the Xenopus homolog also appears to form four complexes (xACF, xWICH, and xISWI-A, and xISWI-D [6, 25] ). Each of the two mouse ISWI homologs, mSnf2h and mSnf2l, has distinct and separate expression patterns, implying that each homolog has unique roles in vivo (36) . How these distinct ISWI complexes work within a single organism and how the other subunits modulate ISWI activity remain unknown.
The budding yeast, S. cerevisiae, expresses two homologs of ISWI, Isw1p and Isw2p. Isw2p associates with Itc1p (which contains a WAC motif), to form a heterodimer (19) . The Isw2 complex is recruited to the promoters of several early meiotic genes by the transcription factor Ume6p, working in a parallel pathway with the Sin3-Rpd3 histone deacetylase complex to repress these genes during vegetative growth (21) . Isw2 complex-dependent transcriptional changes at these meiotic promoters, as well as some nonmeiotic gene promoters, are associated with the formation of a nuclease-inaccessible chromatin structure (17, 31) .
In contrast, the functions of Isw1 complexes in vivo are largely unknown. Isw1p copurifies with three other proteins of 110-, 105-, and 74-kDa sizes (49) and has been shown to be required for local remodeling of chromatin (31) . Here we identify these associated proteins and show that Isw1p forms two distinct complexes in vivo. These two Isw1 complexes both exhibit equivalent nucleosome-stimulated ATPase activities, suggesting that each complex is purified in its active form. However, the two complexes differ in their abilities to interact with DNA and nucleosomes and have different specific activities to alter chromatin structure in vitro. DNA microarray analysis and phenotypic characterization revealed that the two Isw1 complexes have overlapping, but distinct, functions in vivo.
MATERIALS AND METHODS
Media and strains. Yeast strains were grown and manipulated according to standard procedures (1) . All strains used in this study were derived from W303, in which a weak rad5 mutation was repaired (48, 54) , and are listed in Table 1 .
ISW1 was tagged with two copies of the FLAG epitope sequence at its 3Ј end (49) and integrated at the ISW1 genomic locus by using the URA3 pop-in/5-FOA pop-out method (5) . Integration of the 3Ј triple-MYC or 3Ј triple-hemagglutinin (HA) epitope sequence for Iswi one complex 2 (IOC2) and IOC3 was done using a PCR-based strategy that utilized pMPY-3xMYC and pMPY-3xHA, respectively (46) . Disruption of genes with the dominant drug resistance cassette kanMX, natMX4, or hphMX4 was accomplished using a PCR-based strategy based upon the plasmid pUG6, pAG25, or pAG32, respectively (22, 24) .
The ISW1 genomic locus was fused to the tandem affinity purification (TAP) tag by a PCR-based strategy utilizing the plasmid pBS1479 as a template, generously provided by Bertrand Séraphin (43) .
Purification of Isw1 complexes for in vitro assays. All whole-cell yeast extracts described in this paper were created by growing cultures to saturation, unless otherwise noted. Purification of Isw1 complexes was done as previously described (49) . Purification of Isw1p monomer was done concurrently to Isw1 complex purification from either strain YTT449 or from congenic strains (strain YTT512, YTT548, or YTT610) bearing deletions in single IOC genes. All such strains yielded identical Isw1p monomers in addition to Isw1a and/or Isw1b complexes. Following anti-FLAG immunoprecipitation (IP) and elution, the purified proteins were applied to a BioRex 70 cation exchange column in buffer H (25 mM HEPES-KOH [pH 7.6], 0.5 mM EGTA, 0.1 mM EDTA, 2 mM MgCl 2 , 20% glycerol, 0.02% NP-40, 1 mM dithiothreitol, 0.5 mM Na 2 S 2 O 5 , 1 mM phenylmethylsulfonyl fluoride, 2 M pepstatin A, 0.6 M leupeptine, 2 g of chymostatin/ml, 2 mM benzamidine) with a salt concentration of 0.2 M KCl. Isw1p monomer does not bind to the resin under this condition, whereas both complexes are retained. The bound Isw1 complexes were eluted by a linear salt gradient from 0.2 to 0.6 M KCl as previously described (49) .
Size exclusion chromatography. Whole-cell extract of YTT642 grown to saturation was prepared in buffer H-0.3 M KCl. A total of 1 ml of this extract was applied to a Superose 6 10/30-size exclusion column (Amersham Pharmacia Biotech, Piscataway, N.J.) preequilibrated in buffer H-0.3 M KCl, and 0.5-ml fractions were collected. Following complete elution, gel filtration size standards (Bio-Rad Laboratories, Hercules, Calif.) were run under identical conditions.
Fractions were loaded onto nine identical sodium dodecyl sulfate-8% polyacrylamide gel electrophoresis (SDS-8% PAGE) gels and transferred to nitrocellulose membranes. Detection of Isw1p, Ioc2p, or Ioc3p was done in triplicate using ␣-FLAG M2, ␣-MYC 9E10, or ␣-HA 16B12 monoclonal antibodies, respectively, and quantified using an Odyssey infrared imaging system and fluorescently labeled ␣-mouse antibody (Li-Cor Biosciences, Lincoln, Nebr.). The integrated intensities of the bands in each gel were normalized to their mean intensity. To account for quantitative differences due to loading variability, these values were averaged with the corresponding lanes for each triplicate blot to TAP precipitations were done using whole-cell extract from 12-liter cultures grown to an optical density at 660 nm of 0.7. For each extract, 0.8 ml of Pharmacia immunoglobulin G (IgG) Sepharose 6 Fast Flow suspension and 0.8 ml of Stratagene calmodulin affinity resin were used. Purification was done as previously described (43) , with the following changes: (i) the IgG precipitation was done in extract prepared in buffer H-0.3 M KCl, with NP-40 added to 0.1%, without dialysis; (ii) both precipitations were done by the batch method in 50-ml or 15-ml tubes rather than in a column, and one 5-min wash step was added following both incubations before transference of the mixture to a column for subsequent washing; (iii) the KCl concentration of the buffer used for washing the IgG precipitation was raised to 0.3 M; (iv) NP-40 was omitted from the calmodulin binding and elution buffers; and (v) additional final elution fractions were collected to increase yields.
ATPase assays. ATPase assays were performed as described previously, using 0.3 pmol of nucleosomes assembled from purified Drosophila histones (49) , except that 30 fmol of Isw1 complexes was used in each 5-l reaction mixture.
Nucleosomal spacing assays. Nucleosomal spacing assays were done essentially as previously described (49), except 0.22 g (2 pmol) of recombinant yeast octamer (19) was used with 30 fmol of Isw1 complexes and 0.75 g of recombinant yeast Nap1p. This mixture was incubated for 30 min on ice, prior to the addition of DNA and ATP.
Nucleosomal sliding assays. The DNA used for reconstitutions was a 214-bp EcoRI-DdeI fragment of DNA derived from the Xenopus borealis somatic 5S rRNA gene.
Mononucleosomes were assembled at 37°C by salt dilution with 10 g (92 pmol) of recombinant octamers, 100 fmol of labeled 5S ribosomal DNA (rDNA), 10 g of salmon sperm DNA, and 1.8 M NaCl in a starting volume of 10 l. Salmon sperm DNA was prepared as described by Sambrook et al. (44) , the DNA being sheared to a 100-to 700-bp length by sonication. Stepwise dilution of NaCl was carried out in three stages (1 M, 714 mM, and 270 mM) by the addition of 6.8 l, 8.4 l, and 42 l of buffer D (25 mM Tris-HCl [pH 8.0], 1 mM ␤-mercaptoethanol), respectively, at 10-min intervals. Nucleosome assemblies were analyzed on a 4% native polyacrylamide gel (acrylamide/bisacrylamide ratio, 38.9:1.1) in 0.5ϫ Tris-borate-EDTA buffer at 4°C.
In a standard 12.5-l reaction mixture, Isw1a and Isw1b were incubated in the molar ratios shown with 12 ng of nucleosome assemblies and 400 M ATP, at 30°C for 30 min, under the following reaction conditions: 30 mM HEPES-KOH (pH 7.6), 5 mM MgCl 2 , 37 mM KCl, 8.8 mM NaCl, 0.1 mM EGTA, 0.02 mM EDTA, 10% glycerol, and 0.1 g of bovine serum albumin/l. Of the 12.5-l reaction mixture, 4 l was analyzed by electrophoretic mobility shift assay on a 5% native polyacrylamide gel (acrylamide/bisacrylamide ratio, 60:1) in 0.2ϫ Tris-borate-EDTA with buffer recirculation at 4°C.
Immobilized template interaction assays. Streptavidin-coated magnetic particles (Dynal Biotech, Lake Success, N.Y.) were bound to linearized pBluescript SK(Ϫ) DNA linearized with ClaI/EcoRI, which was end filled with dCTP, dGTP, dTTP, and biotinylated dATP. Recombinant histones were loaded with rNAP1p, followed by a wash in buffer containing 600 mM NaCl to remove Nap1p and nonnucleosomal histones as previously described (19) . A total of 12.5 ng (or 75 ng for silver detection) of DNA equivalent of beads with nucleosomal or naked DNA were incubated with 1 ng (7.6 fmol) of Isw1 equivalent (or 6 ng for silver detection) of Isw1 monomer, Isw1a, or Isw1b complex with or without 1.7 mM ATP in 10 mM Tris (pH 7.6)-50 mM NaCl-5 mM MgCl 2 -1 mM EDTA-0.05% NP-40-0.1 mg of bovine serum albumin/ml for 30 min at 30°C in an Eppendorf Thermomixer at 1,200 rpm. Bound fractions were washed for 1 min in buffer at 30°C before boiling in sample buffer. Proteins were visualized by using a silverstained SDS-PAGE gel, or Isw1p was detected by Western blotting using ␣-FLAG antibody.
Electrophoretic mobility shift assays. Mononucleosomes were assembled onto clone 601, a 255-bp DNA fragment with a high-affinity nucleosome positioning sequence (39) . Binding assays were done under conditions similar to those of the sliding assays (see "Nucleosomal sliding assays") but with no ATP. Nucleosomes (41 fmol) were incubated with 41 fmol, 123 fmol, or 369 fmol of either the Isw1a or the Isw1b complex. These were analyzed by an electrophoretic mobility shift assay on a 4% native polyacrylamide gel in 2ϫ Tris-EDTA buffer (10 mM Tris [pH 8.0], 1 mM EDTA) with buffer recirculation at 4°C. For antibody supershift, 369 fmol of Isw1a complex was first prebound to 41 fmol of mononucleosomes as described above. For a second incubation reaction, the prebound complex was incubated with 46 pmol of ␣-FLAG antibody for an additional 15 min. The reaction products were analyzed as described above.
Expression analyses. RNA was harvested from cultures grown to an optical density at 660 nm of 0.7, and Northern blots were run as described previously (21) except that 30 g of RNA was loaded into each lane. Blots were hybridized with [␣-
32 P]dCTP-labeled probes for the genes indicated and quantified with a PhosphorImager.
DNA microarray analyses were done using 30 g of total RNA from each strain, as previously described (17) . We utilized a number of different previously described methods to normalize our expression data. Briefly, a Bayesian background correction method was applied to reduce the variance of spots of low intensity (17, 33) . These corrected data from each microarray slide were then normalized to account for bias due to spot intensity (intensity-dependent normalization using a Lowess smoother to account for nonlinearity) and the position of each cDNA on the array grid (within-print-tip-group normalization). In addition, conversely labeled slide pairs were normalized to each other to account for dye-specific differences in labeling efficiency and/or dye stability (pairedslides normalization) and separate slides were normalized to each other to reduce absolute expression differences that introduce bias when making slideto-slide comparisons (multiple slide normalization) (53) .
The expression changes for each gene were then determined by calculating the median value from three (isw1 mutants) or four (ioc2, ioc3, and ioc2ioc3 mutants) independent microarray hybridizations. Clustering analysis was done utilizing a GeneSpring version 4.0.4 program (Silicon Genetics, Redwood City, Calif.) and data that had undergone only Bayesian background correction to allow direct comparison with previously published microarray data for isw2, rpd3, isw2rpd3, and sin3 strains (17, 33) . Clustering was weighted more heavily for the Isw1 complex mutants to prevent bias due to stronger phenotypes of Sin3/Rpd3 mutations.
RESULTS
Isw1p copurifies with three previously uncharacterized proteins. Isw1p was previously shown to copurify with three proteins, p110, p105, and p74 (49) . To identify these three proteins, Isw1p was purified as described previously (Fig. 1A , lane 1) and each subunit was subjected to mass spectrometric analysis. The sequences of the 110-kDa, 105-kDa, and 74-kDa proteins were encoded by previously uncharacterized open reading frames identified as YLR095c, YFR013w, and YMR044w, respectively (yeast proteome database) (12, 13) . We have designated them as IOC2, IOC3, and IOC4, respectively (Fig. 1B ). Ioc2p has a putative PHD finger motif between amino acids 557 to 659, a domain found in many chromatinassociated proteins. PHD finger domains typically have seven universally conserved cysteine residues and one histidine residue (C 4 HC 3 ), which are thought to coordinate two zinc ions (9) . While Ioc2p has a high degree of conservation around the central four conserved residues, the homology to other PHD fingers is lost in the N-terminal region and separated by 70 residues (12 to 46 residues is normal) from the C-terminal region (see alignment in also has homology to a human androgen receptor near its C-terminal end, though this region has a polyglutamine tract that accounts for much of this homology. The function of this region of human androgen receptor is unclear, but mutations within it are associated with prostate cancer (23) . Ioc3p has significant homology (27%) to a protein involved in silencing, Esc8p (yeast proteome database [12, 13] ), yet has no identifiable conserved motifs. Ioc4p is a glutamic acid-rich protein with a PWWP motif between amino acids 4 and 76. The PWWP motif is a putative DNA-binding domain and is found in a number of proteins involved in transcriptional and chromatin regulation, such as the putative de novo DNA methyltransferase 3 (Dnmt3); the nuclear corepressor, adenovirus E1A binding protein (BS69); and the TAF250 homolog, Peregrin (BR140) (Fig. 1B) . The PWWP domain of murine Dnmt3b can bind DNA in vitro, and mutations of this domain within Dnmt3a prevent its heterochromatin association (42) . In addition to PWWP homology, Ioc4p also has overall homology to PWWP-containing S. cerevisiae and S. pombe proteins Ylr455p and SPBC29A3.13 (24% identity for both), respectively (yeast proteome database [12, 13] ). In addition to Isw1p associated with Ioc proteins, a significant amount of Isw1p was purified as an apparent monomer (Fig. 1A , lane 2) from both wild-type and ioc mutants using FLAG affinity and Bio-Rex cation exchange chromatography (see Materials and Methods).
Isw1p forms two distinct complexes in vivo.
To reveal interactions among Isw1 complex subunits, Isw1p was immunoprecipitated from strains from each of which the IOC2, IOC3, or IOC4 gene was deleted (Fig. 1A, lanes 3, 4, and 5 ). When Isw1p was immunoprecipitated from each deletion strain, the corresponding protein was absent from the complex, confirming the identities of the subunits. However, in an ioc4 strain we also found that Ioc2p failed to coimmunoprecipitate with Isw1p. Conversely, Ioc4p did not coimmunoprecipitate with Isw1p in an ioc2 strain. This suggests that Ioc2p and Ioc4p are mutually dependent for their stable association with Isw1p.
We hypothesized that the complexes purified from ioc3 strains (composed of Isw1p, Ioc2p, and Ioc4p) and those purified from either ioc2 or ioc4 strains (composed of Isw1p and Ioc3p) might represent two distinct and separable complexes which normally coexist in wild-type strains. We constructed a strain (YTT642) that bears unique epitope tags on Isw1p, Ioc2p, and Ioc3p to directly test this hypothesis. Whole-cell extract was made from this strain and subjected to size exclusion chromatography. The presence of Isw1p, Ioc2p, and Ioc3p was detected by Western blotting, and the relative level of each protein across the collected fractions was determined. As Ioc2p has a PHD finger-like motif and limited homology to human androgen receptor in its C-terminal region. Alignment to other PHD finger-containing proteins is shown (the core PHD cysteine and histidine residues are shown in white type on black, while other conserved residues are shown in black type on grey), as is alignment to the human androgen receptor homology region. Ioc3p has no recognized sequence and/or structural motifs. Ioc4p is a glutamate-rich protein with a PWWP domain near its N terminus. Alignment to other PWWP domains is shown. Residues conserved in Ͼ80% of aligned sequences are shown in white type on black when identical or black type on grey when similar (National Center for Biotechnology Information conserved domain database [2] and Blocks database [27] ). Accession numbers and descriptions for the aligned proteins are shown in Table 2. VOL. 23, 2003 Isw1p FORMS TWO DISTINCT COMPLEXES 83 shown in Fig. 2A , the elution profiles of Isw1p, Ioc2p, and Ioc3p overlap significantly. Ioc3p elutes in a single peak in which Isw1p is also detected (fraction 5); however, Ioc2p reproducibly forms two apparently distinct peaks (fractions 3 and 7) that are out of phase with the Ioc3p peak. It is probable that one such population represents its associated Isw1 complex while the other may represent Ioc2p in either monomeric form or in another as yet unidentified complex. Isw1p was detected in all of the fractions in which Ioc2p and Ioc3p are detected; however, the peak of Isw1p (fraction 8) is smaller in molecular mass than any of the Ioc2p and Ioc3p peaks (fractions 3 and 7 and fraction 5, respectively). This suggests the presence of an Isw1p population that is not associated with Ioc2p or Ioc3p; therefore, this likely represents a monomer form of Isw1p. The distinct elution profiles of Ioc2p and Ioc3p are consistent with their presence in two separable complexes; however, the extensive overlap of the profiles does not rule out a single four-subunit Isw1 complex. To more rigorously separate these complexes, we utilized the distinct epitope tags in this extract to immunoprecipitate each protein individually. As shown in Fig. 2B (lanes 3 to 5) , the IP of Isw1p coprecipitated Ioc2p and Ioc3p, as observed previously (Fig. 1A) (49) . Although Isw1p was nearly immunodepleted from the whole-cell extract, a significant portion of Ioc2p and Ioc3p remained in the supernatant. This suggests that some of these proteins may exist either as monomers or in another complex in vivo; however, it is also possible that their associations with Isw1p became unstable during IP. Anti-Myc antibodies were used to immunoprecipitate Ioc2p. As expected, Isw1p was coprecipitated; however, no detectable Ioc3p was precipitated (Fig. 2B, lanes 6 to 8) . Conversely, the IP of Ioc3p with anti-HA antibodies pulled down Isw1p but not Ioc2p (Fig. 2B, lanes 9 to 11) . This is consistent with our hypothesis that Isw1p forms two distinct complexes in vivo.
To independently verify these results, as well as to identify what other proteins, if any, Ioc2p and Ioc3p associate with in vivo, we used the TAP method to purify each protein separately. TAP-tagged strains were created for each protein, as previously described (43) . TAP purification from whole-cell extracts of mid-log-phase cells resulted in highly purified complexes containing the tagged protein. Purification from either mid-log-phase or saturated cultures yielded identical complexes (data not shown). Ioc2p copurified two other proteins in approximately stoichiometric amounts (Fig. 2C) . These proteins were subsequently identified by mass spectrometry as Isw1p and Ioc4p (data not shown). Notably, there was no band corresponding to Ioc3p. Ioc3p copurified one other protein in near-stoichiometric amounts, which was subsequently identified by mass spectrometry as Isw1p (data not shown). Ioc2p and Ioc4p were notably absent from this purified complex, as were any other proteins with which Ioc3p might associate. A control purification from an untagged strain (YTT396) had no detectable proteins by silver staining (data not shown).
We saw no evidence by the approaches described above that Isw1p forms a single complex with all three Ioc proteins. As a result, we conclude that there are two stable complexes containing Isw1p that coexist within yeast organisms. We have designated the Isw1p-Ioc3p and Isw1p-Ioc2p-Ioc4p complexes as Isw1a and Isw1b, respectively. This nomenclature is used throughout the remainder of this article.
Both Isw1a and Isw1b complexes show nucleosome-dependent ATPase activity. We sought to compare the biochemical properties of the two Isw1p-containing complexes. It had previously been shown that a mixture of the two Isw1 complexes purified from a wild-type strain exhibited an ATPase activity that was stimulated by nucleosomes but not by histones or DNA alone (49) . Approximately equimolar amounts of Isw1p monomer and Isw1a or Isw1b complex (as determined by normalizing the Isw1p subunit in silver-stained SDS-PAGE gels) were assayed for ATPase activity in the presence or absence of nucleosomes. Both Isw1 complexes had similar nucleosomestimulated ATPase activities, while the ATPase activity of Isw1 monomer was not stimulated by nucleosomes (Fig. 3A) . Using various amounts of Isw1 complexes, we confirmed that these ATPase activities were within linear ranges (data not shown). This suggests that Ioc3p as well as Ioc2p and/or Ioc4p play essential roles in stimulating the ATPase activity of Isw1 complexes in a nucleosome-dependent manner. As complexes purified from either ioc2 or ioc4 strain backgrounds had identical subunit compositions (consisting of Isw1p and Ioc3p only) (Fig. 1A) , we expected that these complexes would have similar activities (Fig. 3A, lanes 6 and 7 and lanes 10 and 11) . The slight differences we observed were likely due to variability in quantitation of the complexes and/or experimental procedures.
The Isw1a complex exhibits greater specific activity in nucleosome spacing. To further compare these two complexes, we tested different forms of Isw1 for the ability to facilitate the regular spacing of nucleosomes. We used an in vitro system to assemble recombinant yeast histones onto naked DNA in the presence of a yeast histone chaperone, Nap1p (19) . In the absence of any exogenous spacing activity, Nap1p will randomly assemble nucleosomes along a DNA template. This array can then be digested with micrococcal nuclease (MNase), which preferentially cuts between nucleosomes. Digestion of such a randomly spaced array results in a population of differently sized fragments of DNA, which appear as a smear when the purified DNA is run on an agarose gel (see Fig. 3B, lanes  3 and 4) . However, the addition of a mixture of the two Isw1 complexes and ATP produces a nucleosome ladder in which distinct bands are observed approximately every 175 bp (49). This is due to an ATP-dependent activity of an Isw1 complex-(es) that positions a majority of the assembled nucleosomes in a regularly spaced manner.
To determine whether this spacing activity depends upon one or both Isw1 complexes, we tested each Isw1 complex in such a nucleosome spacing assay. As previously shown, a clear nucleosomal ladder was observed when the mixture of Isw1 complexes was used (Fig. 3B, lanes 5 and 6) . However, consistent with its ATPase activity, Isw1p monomer did not affect the MNase digestion pattern (compare Fig. 3B , lanes 3 and 4 and lanes 7 and 8). The Isw1a complex, purified from either ioc2 or ioc4 strains, exhibited nucleosome spacing activity (Fig. 3B,  lanes 9 and 10 and lanes 13 and 14) . However, the spacing activity of equimolar amounts of the Isw1b complex (Fig. 3B , lanes 11 and 12) was less than that of the Isw1a complex. The qualitative difference between the two complexes was reproducible in several independent assays and was most noticeable after short MNase digestions ( Fig. 3B ; compare lanes 9 and 13 to lane 11), for which the ladder is visible much higher in the gel. This suggests that of the two complexes, the Isw1a complex has greater specific activity and precision in spacing multiple nucleosomes as these higher bands represent long arrays of regularly spaced nucleosomes.
The Isw1a complex exhibits greater specific activity in nucleosome sliding. Remodeling of nucleosomal arrays, as in the spacing assay, could occur by a sliding mechanism in which nucleosomes track along the DNA template. Several ATPdependent chromatin remodeling complexes exhibit such slid-
FIG. 2. Isw1p is found in two distinct complexes in vivo.
(A) Whole-cell extract from strain YTT642 was separated by size exclusion chromatography. Isw1p, Ioc2p, and Ioc3p were detected by Western blotting using ␣-FLAG, ␣-MYC, and ␣-HA antibodies, respectively. The relative amounts of protein in each fraction were quantified, and the results were averaged across three identically loaded Western gels for each antibody to generate the elution profiles shown. The positions of size standards run in identical conditions are indicated. Note that the protein levels shown are in arbitrary units and are relative to the other fractions for each antibody-protein pair only; therefore, direct comparison of the relative levels of different proteins is not possible. (B) IP of YTT642 whole-cell extract was done using ␣-FLAG (lanes 3 to 5), ␣-MYC (lanes 6 to 8), or ␣-HA (lanes 9 to 11) resin or resin alone as a control (lanes 12 to 14) . The presence of Isw1p, Ioc2p, or Ioc3p in each experiment was determined by analysis of separate Western blots of identically loaded SDS-8% PAGE gels. Starting material was loaded at either 1ϫ (undiluted) or at 1/4ϫ dilutions (lanes 1 and 2, respectively), and undiluted unbound (U) samples from each IP were loaded for comparison (lanes 3, 6, 9, and 12). The immunoprecipitate was eluted in SDS-PAGE sample buffer, and appropriate volumes were loaded to correspond to 4ϫ and 1ϫ concentrations of the starting material (lanes 4 and 5, lanes 7 and 8, lanes 10 and 11, and lanes 13 and 14, respectively) as indicated. (C) Isw1-2FLp was purified from strain YTT449 as described before and loaded in lane 1 of an SDS-8% PAGE gel. Ioc2p and Ioc3p were purified from strains YTT1167 and YTT1168, respectively, by using the TAP method. The most concentrated eluates from each purification were loaded into lanes 2 and 3, respectively. The proteins were visualized by silver staining. Note that the 2ϫ FLAG epitope on Isw1p that adds ϳ2 kDa to this protein is in lane 1 only. In addition, the calmodulin binding peptide that remains after TAP purification adds ϳ5.1 kDa to Ioc2p (lane 2) and to Ioc3p (lane 3).
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Isw1p FORMS TWO DISTINCT COMPLEXES 85 ing activity, often differing from each other by the direction in which nucleosomes are moved (i.e., whether they slide nucleosomes to the ends of a DNA fragment or to the middle). The directionality of this activity can be modified by the ATPaseassociated proteins. For example, Drosophila ISWI monomer slides histones to the DNA ends while ISWI-containing NURF, ACF, and CHRAC complexes slide histones to a central position (15, 26, 35) . To investigate which, if any, of the Isw1 complexes could mobilize nucleosomes, we incubated Isw1a or Isw1b complexes with yeast nucleosomes assembled by salt dialysis with recombinant histones and a 214-bp 5S rDNA fragment. In the absence of an Isw1 complex, nucleosomes adopted four separable positions we have designated as N1 to N4 (Fig. 3C, lane 1) . Previous work has shown that DNA fragments with nucleosomes positioned at either end (e.g., N4) migrate more quickly than do those with nucleosomes positioned more centrally (e.g., N1) (26, 35) . Following incubation with increasing amounts of Isw1a complex, the N4 position remained unchanged while nucleosomes positioned at N2 and N3 were reduced and the N1 population was increased (compare Fig. 3C , lanes 1 to 5). This shows that the Isw1a complex exhibits a nucleosome mobilization activity, in agreement with the observed nucleosome spacing activity (Fig. 3B) . Interestingly, using equivalent amounts of Isw1b complex we saw relatively little change in positions (Fig. 3C , lanes 6 to 9), though at higher Isw1b/nucleosome ratios there may have been a slight increase in the N1 population (compare lane 6 to lanes 1 and 9). We estimate that the Isw1b complex has a specific activity at least ninefold lower than that of the Isw1a complex in this assay. These results support those obtained in our nucleosome spacing assay, which may be mechanistically similar. We also noted the presence of a lower-mobility band that possibly represents the Isw1a complex bound to the nucleosomal substrate. Isw1a complex binds to DNA and nucleosomes in an ATPindependent manner. To determine the mechanisms underlying the differences in specific activities that we observed for the 14) onto DNA in the presence of either no complex (lanes 1 to 4) or 30 fmol of Isw1 complexes in the form of copurified Isw1a and Isw1b complex (lanes 5 and 6), Isw1p monomer (lanes 7 and 8), Isw1a complex from an ioc2 strain (lanes 9 and 10) or ioc4 strain (lanes 13 and 14), or Isw1b complex from an ioc3 strain (lanes 11 and 12) . After assembly, DNA was digested with micrococcal nuclease (MNase) for 3 min (odd lanes) or 15 min (even lanes), purified, and run on 1.3% agarose and visualized with ethidium bromide. (C) Nucleosome sliding assays for Isw1a and Isw1b complexes. Recombinant octamer was assembled onto 5S rDNA (214 bp). The efficiency of sliding was checked with 48 fmol of labeled nucleosomes and either Isw1a (lanes 2 to 5) or Isw1b (lanes 6 to 9) in the ratios shown and 400 M ATP. Nucleosome positions prior to mobilization are labeled N1 to N4. The asterisk denotes a band that is specific for the Isw1a complex. It is not observed with DNA alone.
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two Isw1 complexes as well as to investigate the possible binding of Isw1a complex to its nucleosomal substrates observed in the sliding assay, we tested how these complexes interact with DNA and nucleosomes. To this end, we employed two assays, an immobilized template assay (19) and an electrophoretic mobility shift assay. In the first assay, nucleosome arrays were assembled using recombinant histones and DNA immobilized onto magnetic beads. After mixing immobilized naked DNA or nucleosomal templates with Isw1 complexes, unbound and bound Isw1 species were detected by ␣-FLAG Western blotting or by silverstained gels (Fig. 4A) . Consistent with our ATPase and nucleosome spacing assays, Isw1 monomer failed to interact with DNA or nucleosome arrays. However, the Isw1a complex interacted strongly with nucleosomal as well as naked DNA templates. The Isw1b complex interacted with both templates as well, though this interaction was not as robust as that of Isw1a. The Ioc proteins associated with Isw1p are visible by silver staining in all fractions in which Isw1p is detected by Western blotting, confirming that binding requires the intact complexes. All of these interactions were ATP independent, suggesting that the enzymatic activity of Isw1 complexes is utilized at a step following binding, as observed previously for the Isw2 complex (19) . None of the Isw1 species interacted with beads alone (data not shown).
The electrophoretic mobility shift assay utilized mononucleosomes assembled from a 255-bp DNA fragment and recombinant histone octamer. These were incubated with increasing amounts of Isw1a or Isw1b complexes in the absence of ATP and separated on a 4% native polyacrylamide gel. The presence of slower-migrating bands was associated with increasing amounts of either Isw1a or Isw1b, suggesting that each complex was binding to mononucleosomes (Fig. 4B, lanes  2 to 4 and 5 to 7) . This is consistent with our previous results, as is the observation that the Isw1a complex appeared to bind more avidly than the Isw1b complex. As this reaction mixture contained no ATP, it is unlikely that these slower-migrating bands were due to Isw1-mediated remodeling of the labeled nucleosomes; it is more likely that the bands rather represented Isw1a or Isw1b bound to nucleosomes. In addition, these bands could be competed away with excess DNA, consistent with our hypothesis that they represent Isw1a or Isw1b bound to nucleosomes (data not shown). To confirm the identity of the putative nucleosome-Isw1a band, ␣-FLAG antibody was added to this reaction mixture, resulting in the supershift of some of the putative nucleosome-Isw1a species (Fig. 4C) . The band caused by Isw1b was too weak to characterize by an antibody supershift assay.
The behavior of each Isw1 complex in the template interaction assays correlated well with its activities in both our nucleosome spacing and sliding assays. This suggests that the differences we observe in specific activity can be attributed to their abilities to interact with their substrates in vitro rather than to inherent differences in their enzymatic activities. These results also highlight the requirement of the Ioc proteins in the interaction of Isw1p with templates. Although either Ioc2p and Ioc4p or Ioc3p alone is sufficient to target Isw1p, there is an apparent lack of amino acid homology among them, suggesting that each may utilize unique substrate interaction domains.
The Isw1a and Isw1b complexes show different genetic interactions with other chromatin remodeling factors. The differences in the biochemical properties of Isw1a and Isw1b complexes prompted us to compare their functions in vivo. Tsukiyama et al. previously found that an isw1isw2chd1 triple mutant fails to form single colonies at elevated temperatures and that any double-mutant combinations are affected to significantly lesser degrees (49) . To determine whether defects in one or both Isw1 complexes are required for this phenotype, we created strains YTT522, YTT853, YTT855, and YTT861 that had deletions in specific IOC genes as well as ISW2 or CHD1 ( Table 1) . Deletion of either IOC2 or IOC4 specifically disrupts the Isw1b complex, and deletion of IOC3 disrupts the Isw1a complex (Fig. 1A, lanes 3 to 5) . Substitution of these ioc mutations for the ISW1 deletion, therefore, allows us to separately examine the contribution of each Isw1 complex to this phenotype. In our serial dilution assay, all strain backgrounds grew as well as the wild-type strain at 30°C. As expected, the isw1isw2chd1 strain exhibited a severe growth defect when grown at 37°C (Fig. 5A, row 4) ; it was unable to form single colonies and only grew at the most saturated dilution (10 0 ). When a deletion of IOC2 was substituted for the ISW1 deletion, the cells still showed a strong growth defect though it was not as severe, growing at the 10 Ϫ2 dilution (Fig. 5A, row 5 ). Deletion of IOC3 rather than ISW1 resulted in no detectable growth defects, suggesting that the presence of the Isw1b complex is sufficient for cells to grow at elevated temperature (Fig.  5A, row 6 ). However, deletion of IOC3 in an ioc2isw2chd1 background made the temperature-sensitive phenotype more severe ( Fig. 5A ; compare rows 5 and 8), showing that the Isw1a complex has a minor involvement in growth at elevated temperature. We would expect that deletion of IOC4 in this assay would phenocopy an IOC2 deletion. However, IOC4 deletion in an isw2chd1 background caused only slight growth retardation at 37°C (Fig. 5A, row 7) , suggesting either that Ioc4p function makes only a minor contribution to this particular Isw1b function or that Ioc2p has functions in vivo that are independent of its role in the Isw1b complex. We also noticed that isw1isw2chd1 cells exhibited a significantly more severe phenotype than ioc2ioc3isw2chd1 cells (or than ioc2ioc3ioc4isw2chd1 cells, which showed no additional growth defects [data not shown]) (compare Fig. 5A, rows 4 and 8) . This suggests that a portion of the ISW1 requirement at elevated temperatures is due to functions of Isw1p monomer or another, as yet unidentified, Ioc-independent complex. It is interesting that this temperature sensitivity is completely eliminated by plating on media containing 1 M sorbitol (data not shown). This type of temperature-dependent osmotic sensitivity has also been observed in rsc3 and rsc30 mutants (3) and suggests that this phenotype may result from effects on the integrity of the cell wall.
Mutation of Isw1a and Isw1b complex subunits causes distinct expression profiles. The Isw2 complex is required for transcriptional repression at a number of loci, including those of early meiotic genes. ISW1 has also been shown to affect transcriptional regulation (28) , although it is not clear whether each Isw1 complex has unique roles in vivo. To study the relative contributions of each complex, we prepared RNA from ioc2, ioc3, ioc2ioc3, and isw1 strains. These samples were used for Northern blotting and DNA microarray analysis using VOL. 23, 2003 Isw1p FORMS TWO DISTINCT COMPLEXESa PCR-based array of all putative yeast open reading frames. As previously observed for mutants of the Isw2 complex (17, 21, 28) , mutations of components of the Isw1 complexes resulted in modest derepression of many genes and they resulted in deactivation of relatively few ( Fig. 5B and http://parma.fhcrc .org/JVary). If the Isw1a and Isw1b complexes have parallel functions in transcriptional repression, one would expect that deletion of either single mutant would result in little change and that deletion of both complexes would result in a greater number of genes being derepressed. This did appear to be the case for many genes, as the number of genes derepressed at least 1.5-fold was higher in both ioc2ioc3 and isw1 mutants than in either ioc2 or ioc3 mutants (Fig. 5B ). This trend was confirmed by Northern analysis, and the results for three such genes, YEL070w, YMR090w, and SPR28, are shown (Fig. 5C ).
We also found evidence that each complex may function independently at other loci. Cluster analysis identified a large group of 667 genes that were derepressed in isw1 and ioc mutants; this cluster includes a significant number of genes involved in carbohydrate transport (P Ͻ 0.00002). While the ioc2ioc3 double-mutant strain exhibited a transcriptional profile similar to that of an isw1 single mutant, ioc2 and ioc3 single mutants had distinct transcriptional profiles that, when additively combined, produce a profile similar to that of an ioc2ioc3 strain. This suggests that at many loci within this cluster, Isw1a and Isw1b complexes have independent functions. In addition, the transcriptional profiles of the isw1 and ioc mutants were dramatically different than those of an isw2 mutant or mutants of the Sin3/Rpd3 complex (17) within this cluster as well as the rest of the genome (Fig. 5D and data not shown).
DISCUSSION
We have shown that yeast Isw1p associates with the previously uncharacterized proteins Ioc2p, Ioc3p, and Ioc4p to form two distinct Isw1 complexes in vivo. By utilizing epitope tags on individual Ioc proteins, each complex can be purified to near homogeneity without any evidence of its sibling, showing that these are not subsets of a larger complex. Recently, Ito et al. found that Ioc2p interacts with Ioc3p in a high-throughput two-hybrid screen (29) . As we have seen no evidence of this interaction in our work, this may have resulted from endogenous Isw1p acting as a bridge between the overexpressed fusion proteins of Ioc2p and Ioc3p in the screen. If this were the case, it would suggest that Isw1p associates with each protein None of the Ioc proteins have similarity to each other nor do they have overall homology to any other proteins for which a function has been described. However, Ioc2p has a putative PHD finger motif and Ioc4p has a PWWP motif; these domains are found in a number of proteins involved in chromatin or transcriptional regulation and have been proposed to be involved in protein-protein interaction. Several proteins in higher eukaryotes such as mNSD1, hBR140, hWHSC1, and hBS69 contain both of these domains, suggesting that both domains might be cooperatively required for a cellular process(es). It is possible that in yeast, this requirement is fulfilled by the proximity of each separate protein within the Isw1b complex. Ioc3p does not have any known conserved motifs, yet it is required for the strong DNA and nucleosome interactions of the Isw1a complex. This suggests that Ioc3p may contain as yet unidentified DNA and/or chromatin association domains.
To characterize each separate complex, we utilized several established assays to study their biochemical activities. Both Isw1a and Isw1b showed equivalent nucleosome-stimulated ATPase activities, suggesting that each can utilize the catalytic activity of Isw1p and that Ioc proteins are required for full specific activity of Isw1p. However, we found that at equimolar levels the Isw1a complex exhibited stronger nucleosome spacing and sliding activities than the Isw1b complex. These in vitro differences are consistent with differences in the interaction of each complex to immobilized DNA and nucleosome arrays. Indeed, our spacing assay shows a dose-dependent effect for the Isw1b complex (data not shown), suggesting that the differences in specific activity we observed are a direct result of their differing abilities to interact with substrates in our system. Genes whose expression was increased in a mutant were defined as "derepressed," while those whose expression was decreased in a mutant were defined as "deactivated." The numbers marked by an asterisk represent two genes directly adjacent to ISW1 which show reduced expression possibly due to the ISW1 deletion rather than to loss of Isw1p. (C) Northern hybridizations. RNA from these mutant strains was probed for the corresponding genes shown and quantified with a PhosphorImager. The ratios of expression relative to wild-type strain levels (normalized to ACT1) are shown below each image. The two strains marked by an asterisk were prepared and normalized separately from the other samples. (D) Expression clustering analysis. Microarray data for ioc2, ioc3, ioc2ioc3, and isw1 mutants from this study were clustered with data from isw2, rpd3, isw2rpd3, and sin3 strains as previously published. Shown is a cluster of 667 genes that were derepressed in the isw1 strains. The green tree at the top of the panel represents smaller clusters of gene subgroups. For each deletion strain, the colored vertical lines correspond to the expression levels of individual genes. Red is indicative of genes which were derepressed in the mutant, while blue is indicative of genes which were deactivated in the mutant. Purple indicates little to no change. VOL. 23, 2003 Isw1p FORMS TWO DISTINCT COMPLEXESAs the recombinant histones utilized in this study did not bear modifications, it is also possible that the Isw1b complex requires covalently modified histones for full activity. We found that Isw1a and Isw1b have different roles in vivo. By exploiting a synthetic temperature-sensitive phenotype to study the contributions of each complex, we found that deletion of components of the Isw1a and Isw1b complexes resulted in different phenotypes. While the Isw1a complex appeared to play a very minor role for growth at elevated temperature, deletion of components of the Isw1b complex resulted in strains that grew more slowly at 37°C. The Sth1p ATPase of the yeast RSC chromatin remodeling complexes also forms complexes with distinct functions in vivo. At least three forms of the RSC complex have been purified, two of which are distinguished only by their associations with either Rsc1p or Rsc2p (3, 8) . Mutants of RSC1 and RSC2 differed not only in their sensitivities to elevated temperature and hydroxyurea but further showed different genetic interactions with components of the SAGA histone acetyltransferase complex, suggesting unique roles in vivo for each complex (8) .
In both in vivo assays, we also found evidence that Isw1p may have functions within the cell that are independent of the Ioc subunits. The isw1isw2chd1 mutant was significantly more temperature sensitive than any similar combination with ioc mutants. Also, our expression data consistently showed that deletion of ISW1 resulted in transcription changes in a greater number of genes than those observed in an ioc2ioc3 mutant. Given that a significant portion of Isw1p is purified as a monomer in wild-type as well as ioc mutant strains, it is possible that these differences are due to functions of Isw1p monomer. Although this could result from disruption of intact Isw1 complex during IP, we believe that Isw1p monomer exists in vivo. When whole-cell extract is applied at 0.2 M KCl to a Bio-Rex 70 cation exchange column prior to ␣-FLAG IP, Isw1p monomer is found in the flowthrough fraction and intact Isw1 complexes are retained in the column matrix (data not shown). In addition, our size exclusion chromatography data ( Fig. 2A) suggest that Isw1p monomer may be the most abundant form of Isw1p within the cell. Other groups have shown that Drosophila ISWI monomer exhibits enzymatic activity in vitro, albeit at lower specific activities than the complete complexes (11, 15 ).
An Isw1 complex-independent role was also suggested for Ioc2p. Deletion of either IOC2 or IOC4 results in disruption of the Isw1b complex, so we would expect these phenotypes to be identical if their activities were limited to the Isw1b complex. However, the ioc2isw2chd1 mutant was more temperature sensitive than the ioc4isw2chd1 mutant. (Addition of an ioc4 mutation to the ioc2isw2chd1 background did not result in additional growth defects [data not shown].) Size exclusion chromatography revealed that Ioc2p elutes in two apparently distinct populations of similar abundance, consistent with the presence of either Ioc2 monomer or a separate Ioc2-containing complex. TAP purification of Ioc2p failed to yield any nonIsw1b complex proteins at near-stoichiometric levels, so we conclude that Ioc2p also has roles either as a monomer or in another complex that is unstable during TAP purification.
Analyses of transcription profiles in isw1 and ioc mutants revealed that the two Isw1 complexes function in parallel pathways to affect transcription of a number of genes, while they appeared to act separately at many genes. The effects on gene expression that resulted from deletion of Isw1 complex components were subtle, rarely exhibiting more than twofold changes compared to those for wild-type cells. There are at least two models to explain these results. First, it is possible that Isw1 complexes function in parallel with an unidentified factor(s) in transcriptional regulation. If this were the case, these factors would mask the effects of mutations in the Isw1 components. Indeed, parallel functions of the Isw2 and Sin3-Rpd3 complexes make the phenotypes of isw2 mutants subtle due to this very reason (17, 21, 28) . We have investigated rpd3 mutations in an isw1 background and have not found evidence that they operate in parallel to repress transcription (J. C. Vary, Jr., and T. Tsukiyama, unpublished data). However, S. cerevisiae has at least nine other putative histone deacetylases that could serve such a function. It is also possible that the Isw1 complexes regulate nuclear processes other than transcription. Kent et al. recently reported that the deletion of ISW1 results in changes in chromatin structure at several genes in vivo (31) . However, these changes are not associated with changes in transcription levels (reference 31 and http://parma.fhcrc.org /JVary), suggesting that there may be many Isw1-dependent chromatin changes that do not affect transcription in vivo.
The differences we observed between two Isw1p-containing yeast chromatin remodeling complexes may parallel the situation found in higher eukaryotes. Drosophila, Xenopus, and humans all express several forms of ISWI complexes, which share a common ATPase subunit yet have distinct biochemical functions. Our data also demonstrate that lower specific activities in biochemical assays do not necessarily correlate with lesser in vivo activity, as the Isw1b complex has more significant roles in growth at elevated temperatures and transcription in vivo than the more biochemically active Isw1a complex.
